Background: Chronic placental inflammation, such as villitis of unknown etiology (VUE) and chronic chorioamnionitis (CCA), is considered a placental manifestation of maternal anti-fetal rejection. The aim of this study is to investigate its frequency in twin pregnancies compared to singleton pregnancies. Methods: Three hundred twin placentas and 1,270 singleton placentas were consecutively collected at a tertiary medical center in Seoul, Republic of Korea from 2009 to 2012. Hematoxylin and eosin sections of tissue samples (full-thickness placental disc and chorioamniotic membranes) were reviewed. Results: Non-basal VUE was more frequent in twin placentas than in singleton placentas (6.0% vs 3.2%, p < .05). In preterm birth, CCA was found less frequently in twin placentas than in singleton placentas (9.6% vs 14.8%, p < .05), reaching its peak at an earlier gestational age in twin placentas (29-32 weeks) than in singleton placentas (33-36 weeks). CCA was more frequent in twin pregnancies with babies of a different sex than with those with the same sex (13.8% vs 6.9%, p = .052). Separate dichorionic diamniotic twin placentas were affected by chronic deciduitis more frequently than singleton placentas (16.9% vs 9.7%, p < .05). Conclusions: The higher frequency of non-basal VUE in twin placentas and of CCA in twin placentas with different fetal sex supports the hypothesis that the underlying pathophysiological mechanism is maternal anti-fetal rejection related to increased fetal antigens in twin pregnancies. The peak of CCA at an earlier gestational age in twin placentas than in singleton placentas suggests that CCA is influenced by placental maturation.
▒ ORIGINAL ARTICLE ▒ Chronic inflammation of the placenta can be present in the chorionic villous tree, extraplacental chorioamniotic membranes, and the basal plate of the placenta, which are called chronic villitis, chronic chorioamnionitis (CCA), and chronic deciduitis (CD), respectively. Infection may cause some of the chronic placental inflammation; however, infectious microorganisms are not identified in a majority of cases. Chronic villitis in such cases is called villitis of unknown etiology (VUE). It is defined by the infiltration of maternal lymphocytes into the fetal chorionic villi, and we have shown that fetal placental macrophages also participate in VUE. 1 Its prevalence is reported to range from 2% to 33.8%, 2 and it is more frequent in placentas at term than at preterm. VUE at term is usually subclinical, while high-grade or diffuse VUE is associated with fetal growth restriction, intrauterine fetal death, or fetal central nervous system injury. 3, 4 CCA is characterized by maternal lymphocytic infiltration into the chorioamniotic membranes and chorionic plate. 5, 6 A series of recent studies have demonstrated that CCA is another major pathology of preterm birth, especially of late preterm births. 7, 8 CCA is also frequently found in intrauterine fetal death cases. 9 CD is defined by the accumulation of lymphocytes and plasma cells in the decidua of the basal plate 10 and often accompanies basal VUE that involves anchoring villi. It is associated with fetal growth restriction and preterm labor. [11] [12] [13] [14] The fetus and placenta are semi-allografts to the mother. Immune tolerance is required for successful pregnancy. 15, 16 Accumulating evidence from recent studies suggests that maternal anti-fetal rejection may explain the pathogenesis of VUE and CCA. 1, 7, [17] [18] [19] An immune origin of CD has also been suggested, as this condition has been reported more frequently in pregnancies resulting from donor egg in vitro fertilization pregnancies.
The rate of multiple pregnancies has increased over the past three decades to reach 33.7 per 1,000 total births in the United States in 2013, which results from the expanded use of fertility enhancing therapies and an older maternal age at childbearing. 22 Infants born in multiple gestation pregnancies are at a higher risk of adverse birth outcomes than singletons mainly because of the increased frequency of preterm birth in addition to twin-specific complications, such as twin-to-twin transfusion syndrome and discordant growth restriction. 22 A thorough investigation of chronic placental inflammation in twin placentas has not been performed, though some reports have focused on the relationship between VUE and intrauterine growth restriction (IUGR) in twin placentas. [23] [24] [25] In this study, we compared the frequencies of chronic placental inflammation, VUE, CCA, and CD between twin and singleton placentas collected consecutively at a tertiary medical center in order to investigate whether chronic inflammation is more frequent in twin placentas because of the increased burden of fetal semi-allograft antigens. Preterm birth was defined as delivery before 37 weeks of gestation and was categorized as (1) spontaneous preterm births resulting from preterm labor and intact membranes, and preterm premature rupture of membranes; and (2) indicated preterm births due to maternal and/or fetal conditions necessitating preterm births. IUGR was defined as birth weight below the 10th percentile, and discordant growth in twins was defined as more than 15% difference in birth weight.
MATERIALS AND METHODS

Three
Tissue samples of the full-thickness placental disc (n = 2) and chorioamniotic membranes roll (n = 1) for each placenta, and also of the dividing membranes if present, were obtained for microscopic examination and were formalin-fixed for 24 hours. The hematoxylin and eosin stained sections were reviewed for the presence of chronic inflammation. VUE, CCA, and CD were diagnosed according to the previously described criteria in the literature. 7, 10, 17 Briefly, VUE was defined as lymphohistiocytic infiltration affecting varying proportions of the villous tree of the placenta without any signs or symptoms of infection in either the mother or the infant. 17, 26 It is sub-classified as basal type, which involves villi anchoring to the basal plate, and nonbasal (distal and proximal) type, which involves distal villi (terminal and mature intermediate villi) and/or stem villi. The diagnosis of CCA was made when there was lymphocytic infiltration into the chorionic trophoblast layer and/or chorioamniotic connective tissue. 7 CD was diagnosed when lymphocytic infiltration was diffuse and/or any plasma cells were detected in the decidua. 10 The cases were examined by a single pathologist (J.-S.K.) who was blind to clinical information.
The chi-square test and Fisher exact test were performed to compare proportions, and the Mann-Whitney U test was performed to determine the differences in the median values between the study groups. The SPSS ver. 21 (IBM Co., Armonk, NY, USA) was employed for all statistical analyses. A p-value of less than .05 was considered statistically significant.
RESULTS
Clinical characteristics of twin pregnancies in this study
The demographics and clinical characteristics of the study population are summarized in Table 1 . There were significant differences in the gestational age at delivery, gravity, labor at delivery, preterm birth, and IUGR between singleton and twin pregnancies (p< .05). Maternal age, previous abortion, the ratio of spontaneous/indicated preterm birth, and hypertensive disorders were not significantly different.
Frequency of chronic inflammation in twin placentas
The frequencies of the three types of chronic placental inflammation (VUE, CCA, and CD) were not statistically different between twin and singleton placentas. Twin placentas had a tendency of high frequency of VUE (11 The frequency of VUE increased with increasing gestational age at birth in both singleton and twin placentas; however, there was no significant difference in the frequency of VUE between singleton and twin placentas when the cases were matched by gestational age (Fig. 2A) . When the study population was divided into preterm and term births, term twin pla- (Fig. 2B) . The frequencies of basal VUE were not significantly different between singleton and twin placentas either at preterm or at term (Fig. 2C) . CCA was found less frequently in twin placentas than singleton placentas of preterm birth (9. (Fig. 3A) . Among preterm births, the decrease of CCA in twin placentas compared with singleton placentas was significant at 33-36 weeks of gestation (late preterm birth) ( 3B) .
CD was detected at similar frequencies between preterm and term placentas (Fig. 4A) (Fig. 5A, B) . Neither CCA nor CD correlated with IUGR in this study (Fig. 5C, D) .
VUE was more frequent in indicated preterm birth than in spontaneous birth of singleton placentas (10.2% [24/235] vs 6.3% [41/651], p < .05) (Fig. 6A) . Non-basal VUE was more Fig. 2 . The frequency of villitis of unknown etiology (VUE) in twin placentas according to the gestational age. (A) VUE in singleton and twin placentas is found more frequently as gestational age at birth increases. (B) Non-basal VUE is more frequent in twin placentas than in singleton placentas at term (**p < .01). (C) There is no significant difference in the frequency of basal VUE between singleton and twin placentas. GAD, gestational age at delivery. (Fig. 6B) . When the frequencies of chronic placental inflammation were compared after preterm cases were divided into spontaneous and indicated preterm birth groups, none of the chronic inflammation conditions showed any statistically significant differences between singleton and twin placentas (Fig. 6A-D The presence of chronic inflammation in one or both twin placentas was not correlated with other clinical and placental characteristics, including baby sex, chorionicity, and discordant growth. There were 11 cases of IUGR in only one fetus of twin pregnancies with VUE, of which eight cases had VUE in only one placenta and the other three cases had VUE in both placentas, suggesting a tendency of correlation between IUGR and VUE that was not statistically significant.
DISCUSSION
In this study, the frequency of VUE, non-basal type, was higher in twin placentas than in singleton placentas. Non-basal VUE had a correlation with IUGR in twin placentas as in singleton placentas. Unexpectedly, CCA was found less frequently in twin placentas than in singleton placentas of preterm birth. The frequency peak of CCA in twin placentas was present at 29-32 weeks in contrast to that of singleton placentas at 33-36 weeks. CCA was more frequent in twin pregnancies of a different sex than in those of the same sex. The frequency of CD was higher in DiDiS twin placentas than in singleton placentas.
Chronic placental inflammation is present as chronic villitis, CCA, and CD, depending on the affected compartment of the placenta. Some of the chronic placental inflammation may be caused by infectious agents, such as viruses, bacteria, and parasites. 2, 27, 28 However, evidence of infectious etiology is not identified in most cases of chronic placental inflammation. Maternal anti-fetal rejection is suggested to play a role in the pathogenesis of these conditions. Destruction of chorionic villi (VUE) and chorionic trophoblast layer (CCA) of fetal origin by infiltration of maternal CD8+ T cells, along with activation of fetal macrophages, is the histopathological hallmark of these lesions. 1, 6, 29 The pathogenetic mechanism of a rejection process is also supported by the elevation of local and systemic T-cell chemokines and the presence of fetal HLA-specific antibodies in the maternal serum. 7, 17, 18 VUE of non-basal type was more frequent in twin placentas than singleton placentas, and the difference was more prominent at term when VUE was detected more often in singleton placentas. The increased fetal antigen burden in twin placentas could be related to its high frequency. In contrast, basal VUE was detected at a similar frequency between singleton and twin placentas. Basal VUE may be influenced partly by a different immunologic mechanism compared with non-basal VUE, which is supported by the presence of plasma cells in basal villitis as well as its association with CD. CD did not show a frequency difference between twin and singleton placentas in this study; however, the frequency of CD was increased in DiDiS twin placentas. DiDiS twin placentas are the type with the highest chance of dizygosity, which has more fetal antigens than the other types of twin placentas. This result suggests that it is also an anti-fetal rejection phenomenon, at least in part, which is relevant to the increase of CD in egg donor pregnancies. 20, 21 The frequency of CCA was increased in twin placentas of a different sex, which also indicated the increased fetal antigen burden. Twin pregnancies with different fetal sex are definitely dizygotic, therefore these placentas could have higher allograft antigenicity compared with those with the same fetal sex. Further studies are required to elucidate why there was no significant difference in VUE and CD between twin placentas with different fetal sex and those with the same sex.
Unexpectedly, CCA was decreased in twin placentas compared with singleton placentas at preterm. As previously reported, CCA was most frequent at 33-36 weeks gestation in singleton placentas in this study, 8 while the highest frequency of CCA in twin placentas was detected at 29-32 weeks of gestation, which is earlier than in singleton placentas. In general, maturation of twin placentas is accelerated compared to singleton placentas at the same gestational age. The period of vulnerability to CCA may be shifted earlier due to accelerated maturation of twin placentas. These results suggest that CCA is also a manifestation of host anti-graft rejection, but a maturationrelated factor may play a role in CCA.
The association of VUE with IUGR is well known by previous studies. 28, [30] [31] [32] In this study, it was confirmed in singleton placentas, and the non-basal type of VUE was associated with IUGR in twin placentas. This result also explains the high frequency of VUE in indicated preterm birth, which included most of the IUGR cases. Several previous reports showed that villitis was more severe in the placenta of the twin that weighed less, though the correlation was not confirmed statistically. [23] [24] [25] In this study, the degree of VUE was not included for analysis. The absence of a significant association of IUGR with the total VUE in twin placentas might be influenced by various twinspecific factors resulting in IUGR, such as limitation of the uterine space, insufficient uteroplacental function, twin-to-twin transfusion syndrome, and so on. 33 This study has some limitations. First, the enrollment of the study population was not prospective or fully consecutive, because some placentas from normal term pregnancies were not included. The institution where the placentas were collected was a tertiary medical center that takes care of more complicated cases; therefore, the cases likely do not represent the pregnancies of the general population. Second, the twin placentas were subdivided according to chorionicity but not zygosity, which would more reliably represent an increased antigen burden. These limitations might make the results less significant. However, it was clearly demonstrated that non-basal VUE was increased in twin placentas, and that CCA was decreased in preterm twin placentas. It is suggested that VUE and CCA are the region-specific manifestations of maternal anti-fetal rejection in the placenta, but their pathophysiology are partly different. Further studies are required to investigate the difference.
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